Background-The location of the sinus node is known to be at best abnormal, or at worst unknown, in patients with isomerism of the morphologically left atrial appendage. In contrast, the sinus node is known to be an excellent histological marker of the morphologically right appendage, being duplicated in those with right isomerism. The aim of the study was to investigate this condition further in fetal human and mouse hearts. Methods-Serial histological sections of the area anticipated to contain the sinus node were studied in hearts with isomerism of the atrial appendages taken from 14 human fetuses and 13 ivliv mice, using 12 mouse hearts with normally arranged or mirror imaged atrial chambers for controls. Results-All hearts with isomerism of the right appendages (two human and four mouse) had bilateral sinus nodes. The cases with isomerism of the left appendages (12 human and nine mouse) showed absence of a recognisable sinus node except in four cases (19%) in which a small remnant of the node was found. In three of these cases, it was related postero-inferiorly to the superior cavoatrial junction. Conclusions-The concept of isomerism of the atrial appendages is endorsed by findings on the morphology of the sinus node, this being the most reliable histological criterion for existence of a morphologically right atrium. A small proportion of hearts with left isomerism had a structure resembling the sinus node, but it was hypoplastic and displaced postero-inferiorly, distant from its expected position had the hearts possessed an incompletely formed morphologically right appendage. (Br Heart Jr 1995;74:437-442) 
Methods-Serial histological sections of the area anticipated to contain the sinus node were studied in hearts with isomerism of the atrial appendages taken from 14 human fetuses and 13 ivliv mice, using 12 mouse hearts with normally arranged or mirror imaged atrial chambers for controls. Results-All hearts with isomerism of the right appendages (two human and four mouse) had bilateral sinus nodes. The cases with isomerism of the left appendages (12 human and nine mouse) showed absence of a recognisable sinus node except in four cases (19%) in which a small remnant of the node was found. In three of these cases, it was related postero-inferiorly to the superior cavoatrial junction. Conclusions-The concept of isomerism of the atrial appendages is endorsed by findings on the morphology of the sinus node, this being the most reliable histological criterion for existence of a morphologically right atrium. A small proportion of hearts with left isomerism had a structure resembling the sinus node, but it was hypoplastic and displaced postero-inferiorly, distant from its expected position had the hearts possessed an incompletely formed morphologically right appendage.
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Since the introduction of the concept of isomerism to describe the morphology of hearts with the so called "heterotaxic syndrome",'
arguments have continued as to whether isomerism is really present or whether the constellation of lesions would better be understood in terms of partial expression of either the usual or mirror imaged atrial arrangements. 23 One of the ways to confirm the presence of an isomeric arrangement would be to provide morphological proof in such cases of the presence of a histologically recognisable sinus node.
The sinus node in the human is a distinct and obvious anatomical structure found subepicardially at the junction between the venous component and the appendage of the morphologically right atrium. 4 The node is functionally important in initiating the heart beat, which begins very early in life and continues for a long period without changing its biological and physiological characteristics.5 It may reasonably be presumed that the sinus node is one of the original anatomical features of the morphologically right atrium, and is unlikely to be affected by lesions involving its venous component. With this premise in mind, we searched histologically for the sinus node in human fetal hearts which were part of a series recognised morphologically as having an isomeric arrangement of the atrial appendages.6 We have also previously identified a group of iv/iv mouse hearts with isomeric arrangement of the atrial appendages.7 Since the mouse heart is small enough to be readily studied in its entirety by histological techniques, we supplemented the human study with murine hearts to determine whether the sinus node is also a marker of right atrial morphology in the mouse.
Methods
We studied 14 human hearts ranging from 12-25 weeks gestation, and from newborn to one week in age. These formed part of a study group reported previously.68 Left isomerism was recognised when both atrial appendages were finger-like in shape and had narrow junctions with the venous component of the atria. In addition, pectinate muscles were confined within the atrial appendage. In contrast, both atrial appendages were triangular in shape with broad junctions in hearts with right isomerism. Furthermore, the pectinate muscles which radiate from the terminal crest extended around the vestibule of the atria to meet at the crux. Using these criteria, 12 of these fetal hearts had isomerism of the morphologically left atrial appendages, while the remaining two had isomerism of the morphologically right appendages.
Twenty five iv/iv mice of the SI/col background, originally from the Jackson Laboratory (Bar Harbour, USA), were also studied. There were five adults, 18 fetuses at 18 or 19 days gestation, and two neonates less than two days of age. As in the human hearts, right isomerism was recognised on the basis of the bilateral presence of broad appendages and terminal crests with pectinate muscles extending round the vestibule. The atrial appendages in left isomerism were also broad bilaterally, but were distinguishable from morphologically right appendages by their narrow junctions with the venous atrial components and the absence of pectinate muscles round the vestibule. Four hearts were identified as having isomerism of the right atrial appendages, while nine hearts had isomerism of the left atrial appendages. The remaining 12 hearts, with usual or mirror imaged arrangement of the atrial appendages, were used to determine the normal morphology of the sinus node in the ivliv mouse. All heart specimens were fixed in formaldehyde and then processed in their entirety for histological sectioning, blocking them in paraffin wax for serial sectioning at 1O ,um thickness. The sections were collected on cardboard trays and numbered sequentially.
Every 25th section of the human hearts, and every fifth section from the mouse hearts, was mounted on glass slides and stained with a modified Masson's trichrome technique.9 All the stained sections were examined and additional sections mounted and stained where necessary. The sinus node was identified in the human hearts using well established histological criteria. 4 10 11 For the mouse hearts, the controls with lateralised atrial arrangement Figure 4 The heart of a normalfetal mouse sectioned in a coronal plane. The sinus node (within dotted line) is horseshoe shaped and draped across the junction between the superior caval vein and the right atrium. The nodal cells are less darkly stained than ordinary myocytes.
were used to determine the histological characteristics of the sinus nodes.
Results

HUMAN HEARTS
Isomerism of the right atrial appendages There were bilateral superior caval veins in these two hearts. Bilateral sinus nodes were identified in each heart. The nodes were recognised by their composition of small interweaving cells within a fibrous matrix, usually surrounding a small artery. 4 The nodal cells stained slightly less intensely than the surrounding atrial myocytes. In one heart, each node was spindle shaped and located subepicardially in the terminal groove, lateral to the cavoatrial junction (fig 1) . In the other heart, the sinus node on the right side was normally located and supplied by an artery which passed through its centre. absence of a superior caval vein. In the second case, the node was hypoplastic, represented by a tiny cluster of small cells around a prominent nodal artery. It was located in the posterior wall of the right sided atrium, inferior to its junction with the superior caval vein. The recognisable sinus node in the third case was also hypoplastic and situated at the posterior junction between the right sided atrium and the right superior caval vein (fig 2) . Bilateral caval veins were present in this case. MOUSE 
HEARTS
Usual and mirror image arrangement of the atrial appendages The sinus node was located in subepicardial position at the upper part of the junction of the terminal groove with the superior caval vein in the morphologically right atrium. In contrast to the usual lateral position in human hearts, the sinus node in the murine heart was more extensive and straddled the crest of the morphologically right appendage (fig 3) . In keeping with this, the node was related to the left sided appendage in hearts with mirror image arrangement of the atrial appendages. The node in the fetus was relatively bigger than the node in the adult. In the fetus, it partly or almost encircled the junction of the superior caval vein with the morphologically right atrium (fig 4) . Histologically, the node was composed of compactly arranged, pale staining, non-striated short cells which were not noticeably smaller in diameter than ordinary atrial myocytes. Unlike the situation in the human, the nodal cells were not arranged within a prominent fibrous tissue matrix. The nodal cells in the fetal hearts were slightly bigger than ordinary atrial myocytes and their nuclei and cytoplasm were vacuolated. Collections of ganglion cells were frequently found close to the nodes.
Isomerism of the right atrial appendages Two distinct bilateral sinus nodes were found in each case. They were bigger than usual, occupying a transmural position at the lower end of the superior caval vein at its junction with the appendage (fig 5) . showed that recognition of the morphology of sinus node each appendage depended on the nature of its junction with the rest of the atrial chamber, rather than relying merely on its size and shape, or upon the venoatrial connections. The ultimate difference between the two types of atria, therefore, still remains to be determined. At the microscopic level, evidence to date suggests that the presence or absence of a sinus node' could be the most recognisable distinction between the two types of atrial appendage. With this in mind, we have studied the location and morphology of the sinus node in both human and mouse hearts in node which isomerism of the atrial appendages had been diagnosed grossly, as judged from morphological criteria. Our objectives were to examine the usefulness of recognising the presence of the sinus node in the determination of atria of right morphology, and its absence in atria of left morphology, and to reevaluate the concept of isomerism in terms of its functional significance. 
